A heat pipe is an example of a device that exploits such two-phase heat transfer to provide high heat fluxes in a simple passive device. However, one of the limitations of the heat pipe is that the heat flux is limited by the rate at which the liquid phase is transported along the pipe by the capillary wicking material.
The purpose of our work is to improve on the passive heat pipe by using a more active means of transporting the liquid phase in a similar heat transfer cell. The process we are considering is called vibration-induced droplet atomization. In this process, a small liquid droplet is place on a thin metal diaphragm that is made to vibrate by an attached piezoelectric transducer.
The vibration induces capillary waves on the free surface of the droplet that grow in amplitude and then begin to eject small secondary droplets from the wave crests. In some situations, this ejection process can develop so rapidly that the entire droplet seems to burst into a small cloud of atomized droplets that move away from the diaphragm at speeds of up to 50 cm/s. If such a process could be incorporated into a heat transfer cell, the active atomization and transport of the small liquid droplets could provide a much larger heat flux capability for the device. The first step in exploiting this bursting process for use in heat transfer cells or in any other technology is to understand the basic atomization process itself.
In the sections that follow, we present some of our work on the nature and character of this phenomenon.
First, we discuss in more detail the nature of a typical bursting event.
Then, we describe the experimental apparatus and protocols used in this research and present data that characterizes the bursting process in this system. The response of the system can be explained in terms of a simple interaction between the droplet ejection process and the nonlinear dynamics of the vibrating diaphragm. This interaction is embodied in a simple mathematical model that is described next.
Finally, we discuss the results, present our conclusions, and describe our future work with this process.
DROPLET BURSTING
The overall phenomenon of droplet bursting is shown in Figure 1 Figure 1 shows a sequence of video frames of this system as the excitation amplitude is increased, but with the frequency fixed at about 1000 Hz. Figure The instability of these waves produces the non-axisymmetric motions that were observed.
Such instabilities have been reviewed by Miles and Henderson (1990) .
The Faraday waves grow in amplitude and complexity as the driving amplitude is increased until we begin to see the ejection of a few small secondary droplets from the wave crests of the primary droplet.
This kind of droplet ejection has been studied by several other researchers in related geometries (see Goodridge, et al., 1996 for example).
While the rate of droplet ejection depends on the excitation amplitude, the more interesting fact is that for a fixed excitation amplitude the rate of ejection slowly increases with time. At this point in the process, the wave motion seems to have become more evenly distributed across the free surface of the primary droplet and the droplet ejection sites seem to occur evenly throughout the center portion of the droplet.
The most interesting event is the burst. It occurs after the first appearance of droplet ejection and the length of time needed to burst depends on the excitation amplitude. When a large excitation signal is applied to the diaphragm, bursting can occur immediately. For smaller excitation amplitudes (but still large enough), bursting may be delayed on the order of seconds to maybe a minute or more after the forcing is applied.
The purpose of this paper is to describe and characterize this dramatic bursting event.
In the sections that follow, we describe our experiments and mathematical modeling of the bursting process and present some results.
EXPERIMENTAL SETUP
The experimental apparatus used in this work is shown in Figure 2 . the initial resonance frequency of the system or for a higher driving voltage the bursting signature can be made to occur almost immediately. We shall discuss this event in more detail in the following section. 
MATHEMATICAL MODEL
Our mathematical model of the diaphragmdroplet system is shown in Figure 6 . The diaphragm is modeled as a lumped mass connected to a nonlinear The results were then square-rooted and plotted.
To give the best comparison to the experimental data, the nonlinear functions for the stiffness and the structural damping of the diaphragm were fitted to the data for a dry diaphragm.
The two parameters characterizing the bursting process, r and _ were fitted to the data in order to produce the best overall agreement between the model and the experiments.
RESULTS
The first results of our simulations, plotted in The effect of adding a droplet to the diaphragm is shown in Figure 4 . As mentioned earlier, the droplet mass lowers the resonance frequency and amplitude of the system. We track the drop in the resonance frequency quite well, but over-predict the drop in the peak resonance amplitude.
We are about 14% lower than the experimental peak at the largest droplet volume considered.
The discrepancy is primarily due to the fact that the structural parameters for the model were optimized for a system acceleration response of about 100 g. The experimental data in Figure 4 have a peak acceleration no larger than 50 g. A simulation of droplet bursting is shown in Figure 7 . This is a plot of the acceleration of the diaphragm versus time for several different driving voltages. The 5.9 V level is the threshold voltage. Below this value, no secondary droplets are ejected from the primary droplet. For larger driving voltages, we see a relatively slow increase in the acceleration amplitude on the plate until suddenly the voltage rises and falls to a slightly lower level.
While the quantitative agreement between the bursting results of the experiment and the simulations shown in Figure 5 and Figure 7 are not very good, at least the general trends are predicted. We see that as the driving voltage increases, the ejection time peak is shifted to smaller times, the peak response increases slightly, and the final response is slightly reduced.
The differences are primarily due to the simplicity of the mathematical model used for both the droplet ejection process and the vibration of the diaphragm. Under these conditions, some droplet ejection occurs immediately after the driving voltage is applied. If the initial diaphragm acceleration is too high, the rate of droplet ejection will be very large and the droplet will appear to burst immediately.
If the initial diaphragm acceleration is just above the critical acceleration, the rate of droplet ejection from the larger droplet will be very small• As the secondary droplets are ejected, the effective mass of the diaphragm-droplet system is reduced, which increases the resonance frequency of the system and brings it closer to the driving frequency. When this occurs, the vibration amplitude of the system increases, leading to even more droplet ejection. In this way, the droplet ejection process allows the system to pass through its resonance frequency and to experience the very large peak acceleration associated We have incorporated this device into a design for a new heat transfer cell for use in a micro-gravity environment.
The cell is essentially a cylindrical container with a hot surface on one end and a cold surface on the other.
The vibrating diaphragm is mounted in the center of the cold surface. Water droplets condense on the cold surface and collect on the vibrating diaphragm. Here, they are atomized and propelled against the hot surface, where they evaporate. The water vapor travels back across the cell and condenses on the cold surface, where the cycle is repeated. A prototype of this heat transfer cell has been built and tested.
It can operate continuously and provides a modest level of heat transfer, about 20 W/cm _. Our work during the next few years will be to optimize the design of this cell to see if we can produce a device that has significantly better performance than conventional heat exchangers and heat pipes. Finally, we have begun a series of experiments and numerical studies that will give us a detailed understanding of the process through which droplets are ejected from a free surface wave crest. We need this information in order to determine the critical acceleration and the rate of droplet ejection used in our simple vibration system model described above.
This level of understanding of the droplet ejection process will allow us to optimize the vibration induced droplet atomization technology for use in such things as our heat transfer cell in a microgravity environment. In addition, it will allow us to adapt the technology for use in other processes or systems, such as spray coating, emulsification, encapsulation, etc.
In addition, we may be able to devise new ways to do things that are now done by other, possibly less efficient methods. 
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